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€y By using an optically anisotropic film having the optical axis 'substantially parallel to the normal line of the 
film and compns.ng a polymer of a liquid crystal oligomer having positive arJsotropy of rXTve ndex and 

ZlTieToZT.Z^LT TiT "^''^"^ anisotropic film with a uniaxially oriented retardation film, it is 
a'pZd to aCid c^yr^^^^^^^ '"^'^ ^'^"^ ^ '^^^ P'^te can be 
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The present invention relates to an optically anisotropic film made of an oriented polymerized liquid 
crystal oligomer (or this can be said hereinafter "liquid crystal oligomer polymer") or a composition thereof 
useful as a material of retardation film used for liquid crystal display elements, a process for producing such 
a film, a laminate of an optically anisotropic film and a base, a composite retardation film consisting of said 
5 laminate and a uniaxially oriented retardation film, and a liquid crystal display device using them. 

The retardation film is a polymeric film having optical homogeneity and durability as well as uniaxial 
orientation, and commonly used as an optical compensator for improving displaying performance of liquid 
crystal display elements. Super twisted nematic (STN) type liquid crystal display elements using such 
retardation films, although having many advantages such as light weight, small thickness and low cost, also 
10 had serious disadvantages such as small viewing angle and poor black and white display quality. These 
disadvantages have been significantly alleviated by introduction of new techniques such as two-layer 
lamination of the retardation films. However, as regards the viewing angle, no satisfactory improvement has 
been made, and also no established industrial method is yet available for controlling the viewing angle in 
certain specific directions. 

76 The viewing angle characteristics of liquid crystal display elements are closely associated not only with 
angle dependency of birefringence of liquid crystal cell for display but also with angle dependency of 
retardation of retardation film, and it is known that in use of conventional retardation films, the smaller the 
angular change of retardation is, the better result is obtained. In view of this, it has been proposed to use 
homeotropically oriented liquid crystal material as a retardation film having a large refractive index in the 

20 direction normal to the film plane. 

Japanese Patent Unexamined Publication (JP-A) 2-73327 and JP-A-2-10511 1 disclose methods using a 
birefringent layer in which the in-plane refractive index is isotropic but the refractive index in the thickness 
direction is greater than the in-plane refractive index, for reducing the angular change of background color 
of the optically uniaxial birefringent body (liquid crystal cell for display) having positive anisotropy of 

25 refractive index. A typical example of material having such refractive index anisotropy is a liquid crystal 
layer oriented homeotropically in a compensation cell. 

U.S. Patiant No. 5.189,538 teaches that by using a film having the optical axis in the direction normal to 
the film plane and a retardation film having a positive birefringence, it is possible to reduce the angular 
change of retardation and to obtain a retardation film improved in viewing angle characteristics. For making 

30 a film having the optical axis in the direction normal to the film plane, a method is shown in which a 
photopolymerizable compound and a liquid crystal monomer are mixed, and polymerization is carried out 
while maintaining orientation of the liquid crystal monomer In an electric field to fix orientation in the 
direction normal to the film plane. 

jp-A-4-16916 discloses a retardation film using a birefringent layer in which the refractive index in the 

35 thickness direction is greater than the in-plane refractive index, said layer being made of a homeotropically 
oriented polymer liquid crystal material. As means for effectuating homeotropical orientation of the polymer 
liquid crystal, there are disclosed a method in which the material is heated to the liquid crystal temperature 
and then an electric or magnetic field is applied in the thickness direction, and a method in which the 
material is held between two pieces of substrate which have been subjected to surface treatment with a 

40 homeotropic alignment agent such as a silane compound, and homeotropically oriented at the liquid crystal 
temperature. It is disclosed that a retardation film with excellent viewing angle characteristics can be 
obtained by combining said film with a retardation film obtained by stretching a polymeric material. 

Polyvinyl alcohol, which is a polymer having hydroxyl groups in the side chain, is used for producing 
the homogeneous alignment reagent for liquid crystal molecules in liquid crystal display devices, and it is 

45 known that the liquid crystal molecules on the film can be oriented homogeneously by rubbing the surface 
of the film formed on a transparent electrode substrate. 

Digest of Technical Papers of Society for Infonmation Display International Symposium (1993), page 
277. reports that it is possible to improve, in principle, the viewing angle characteristics of TIM liquid crystal 
display devices by using two optically anisotropic bodies in which the optical axis is slanted from the 

50 normal line of the film and an optically anisotropic body having the optical axis in the film plane. 

For attaining orientation of the liquid crystal molecules, a great many attempts have been made and 
reported, reflecting the fact that orientation of the liquid crystal molecules in the display cell is a key factor 
for high display quality. In the case of low molecular weight liquid crystal, however, orientation is usually 
controlled by using an orientation film. For forming an alignment film, there are known, for example, a 

55 method in which, for obtaining homogeneous orientation, a polymer (such as polyimide) film is formed on a 
substrate and the film surface is rubbed with a cloth or other means to orient the liquid crystal molecules; 
method in which an inorganic material such as Si02, SiO, MgO or MgF2 is deposited on a substrate by 
oblique evaporation to form a homogeneous alignment film; and method using a stretched polymer film 
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hy^roZ^^^^^^ a „,.i. crvsta. o«go.er and a 

product.on of composite retardation Sms c^r^" nsinn f ^ *° ""^"^a' "ne of the film In 

Po ymenc substrate and a retardation «^m Tere hS beL?'""'"'' °' ^ ""''"'■^ -V^^^' Po'ymer i"d a 
opt,ca 3X.S .n direction normal to the film plaiel . ^'^^""'^^ *° P^«P«^« a film having the 

t.on of monomeric liquid crystal should be^^ried 2°"^^"*°"^' P^^^^^tion methods; photopofymerira 
electric or magnetic field, or the liquid crysta^rrrn Jurmg applying an external acting field such J an 
then separated from, while maintlininror en a^n of ^e 

c^rThVm thT"^ -oZTtXe fV^^:T' """""^ '^^9e relaxation o' 

^^ZS^ '1Z'^~Z ;;~a, ^lymers and liquid crystal oligomer films 
techmquethantoapplyaholding electric fieldto a «L the substrate, there has been known no ottie? 
orientation (40th Meeting of Japi S^eVTZtZ Z^Tt"' '^^'"^ '^''''^^^ ^^-«n9 
As viewed above, in the orior art tL ^'^"^ Physics. Spnng 1993. Lecture No 29a2K in 
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wherein, in the fornnula (III), -SI-0- is the main chain of the recurring unit (1) or (I!) and, In the formula (IV), 
-C-CH2- is the main chain of the recurring unit (I) or (II) and the COO group is positioned at the side chain 
which is neither Ri nor R2; when A in the formula (I) or (II) is the formula (III), Ri and R2 are independently 
hydrogen, a Ci-g alky I group or phenyl group, and when A in the formula (I) or (II) is the formula (IV). Ri 
and R2 are independently hydrogen or a Ci -6 all<yl group; k and k' represent independently an integer of 2 
to 10; m and m* are independently 0 or 1; Ari, Ar2, Ars and Ar* represent independently a 1 ,4-phenylene 
group, 1 ,4-cyclohexane group, pyridine-2,5-diyl group or pyrimidine-2,5-diyl group; L and L' represent 
independently -CH2O-, -O-CH2-. -CO0-, -OCO-. -CH2-CH2-, -CH = N-, -N = CH- or a divalent group repre- 
sented by the formula (V): 

-N = N- (V) 

\ / 
O 



p and p' represent Independently a number of 0 or 1; R is halogen, a cyano group, C1-10 alkyi group or 
C1-10 alkoxy group; and R' is hydrogen or a C1-5 alkyl group), wherein when the numbers of the recurring 
units (I) and (II) in one molecule of said oligomer are supposed to be n and n', respectively, n and n* are 

20 independently an integer of 1 to 20, and 4 < n + n' S 21 , and further characterized in that the end group of 
the recurring unit (II) Is polymerized, and that the optical axis of said film Is aligned generally in the 
direction of an angle selected from between 0 and 80 * against the normal line of the film. 

There are also provided according to this Invention: An optically anisotropic film of the type described 
above, characterized in that the optical axis of said film is aligned substantially parallel to the normal line of 

25 the film plane; and 

An optically anisotropic film of the type described above, characterized in that the optical axis of said 
film is slanted 10-80* , in terms of angle of elevation, from the film plane. 

The present invention also provides an optically anisotropic film made of a side chain type liquid crystal 
polymer having positive anisotroply of refractive index and showing a nematic or smectic phase, said liquid 
30 crystal polymer being a linear-chain or cyclic liquid crystal polymer principally composed of the following 
recurring units (IX): 



Ri— A— (CHz)^ (0)£— Axr— Ar2-R (IX) 



(wherein A is a group represented by the following formula (X.) or (XI): 



-Si— (X) C COO- (XI) 



6 CHj 
i I 



wherein, in the formula (X), -Si-O- is the main chain of the formula (IX) and, in the formula (XI), -G-CH2- is 
the main chain of the formula (IX) and the COO group is positioned at the side chain which is not Ri ; when 
A in the formula (IX) is the formula (X), Ri is hydrogen, a Ci -6 alkyl group or phenyl group, and when A in 
66 the formula (IX) is the formula (XI), Ri is hydrogen or a Ci -b alkyl group; k is an integer of 2 to 10; m is 0 
or 1; p is 0 or 1; Ari and Ar2 represent independently a 1 ,4-phenylene group, 1 ,4-cyclohexane group, 
pyridine-2,5-diyl group or pyrimidlne-2.5-diyl group; L is -CH2-O-, -O-CH2-, -OC0-, -COO-, -CH2-CH2-, 
-CH = N-, -N = CH- or a divalent group represented by the formula 
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and R is hydrogen, halogen, a cyano oroun r oiu . 

the nunjbe. Of the recurring units^s 4^1 Jooi:;; t'arrr?' -'"^ a.koxy group,, characterized in that 
of sa,d f.lm ,s Slanted 10-80 • . in terms of angle oretevat^n frfr;^H T °P««" axis 

The present invention further provides the n o^!? f ^ '""^ ^'^"^ 
anisotropic films. ^^^'^^^ processes for producing the above-described optically 

o^-ticaUy Sr^rsTstance suc^^^^^^ ^" °P«""y -n-otropic film made from an 

or semitransparent substrate. "'unboned above and a hydrophilic substrate such as a ^anspTrent 

compriserSmTnrrSVa^^^^^^ a composite retardation film, which 

(IX^ and Showing a nematic or smectic phase on an S.^' ^^^^^^^^^ °' ^^'^ ^^curring unte 

.0 the film plane, said film also having'^ i^re refSve 1^"' °P«-aSs 

PhlT^L'"'' ^«ft-treating the thus obtS-ercoCos^fi.^^^^^ ""^^^ ^ ^ thermoplastic 

than the liquid crystal phase/isotropic phase fransit^n tmn ^ temperature higher 

treating the thus formed film at a temperaSre So!! •IT^^''^''® °^ ^^"^ ^O^stal polymer hei 

ture. and laminating the substr^e Sfrf^ ^ ?! 
un.ax.ally oriented retardation film having^he Xa Ss 'Z n'^'f ^"'^""^ ^"^""^^ a 

^rp^: - ^ th ~c p^r -° — e 

-ve anS a - JraT rJ^^J^^^^^^^^^^ anisotropic film such as mentioned 

rn the f.lm plane, said film also havino oos ««i r^i?llT ■ 1 -"etardation film having the optical axis 

nx>n2>ny (1) 

cooip^rt, r«a,dalo„ p,.,e .^^o by using Sd teSe'" "» a 

fKl. 2 .s a schemMc lawut a m, iST^ —J substance obwneo In Example 1 

Example ,7. 1- a. th, „me M measwement of transmloea llgb, ,uamlty aic«bea in 

S 5StF "- '"'^ i"- ,i,H, ,„a„«, 

c-ossS niilJ fnExl^'^'"? "~ ™'"°""'"> hclinalion angte ,„<, ,„„e..,|„M ,„,„,^ 
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Fig. 5 Is a drawing showing iso-contrast curves in Example 21. 
Fig. 6 is a drawing showing iso-contrast curves in Example 22. 

In the course of the studies for overcoming said prior art problems, the present inventors found that by 
forming a film of a liquid crystal oligomer having positive anisotropy of refractive index and showing a 

5 nematic or smectic phase by using said oligomer alone or together with a specific low-molecular weight 
compound and subjecting the formed film to a treatment for causing homeotropic alignment and then to 
polymerization, It is possible to attain fixation of film alignment. This technique makes it possible to obtain 
an optically anisotropic film having the optical axis substantially parallel to the normal line of the substrate 
plane on a liydrophilic substrate. It was also found that a liquid crystal polymer or a liquid crystal oligomer 

10 having positive anisotropy of refractive index and showing nematic or smectic phase can be oriented with 
an inclination against the normal line of the substrate plane on an oriented substrate. It was further found 
that by combining an optically anisotropic film such as described above and a uniaxially oriented retardation 
film, it is possible to obtain a liquid crystal display element having a high black and white display quality 
and excellent viewing angle characteristics. The present invention was attained on the basis of these novel 

16 findings. 

Specifically, the present invention embraces the following embodiments (1 ) to (29) in its claimed scope. 
(1) An optically anisotropic film comprising a polymer of a liquid crystal oligomer having positive 
refractive index anisotropy and showing a nematic or smectic phase, said liquid crystal oligomer being 
selected from linear-chain or cyclic liquid crystal oligomers principally composed of the following 
20 recurring units (I) and (II): 



Rl— A— (CH2)k-— (0)5-Ari (L). Axj— R (I) 



26 



30 
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40 



Rj — A — ( CH2 ) k. ( O ),.— ATa — ( L ' ) p. — Ar^ — OCO — CR ' ^CHz 

(II) 

(wherein A is a group represented by the following formula (III) or (IV): 

I I 

—Si (III) C— coo- (IV) 

1 1 

O CH2 



45 

wherein, In the formula (III). -Si-0- is the main chain of recurring unit of the formula (I) or (II) and, In the 
formula (IV), -C-CH2- is the main chain of the recurring unit (I) or (II) and the COO group is positioned at 
the side chain which is neither Ri nor R2; when A in the formula (I) or (II) is the formula (III), Ri and R2 
are independently hydrogen, a Ci -g alkyl group or phenyl group, and when A In the formula (I) or (II) is 
60 the formula (IV). Ri and R2 are independently hydrogen or a Ci-e alkyl group: k and k* represent 
Independently an integer of 2 to 10; m and m' are independently 0 or 1; Ari, Ar2, Ara and Ar4 represent 
independently a 1 .4-pheny!ene group, 1 ,4-cyclohexane group, pyridine-2,5-diyl group or pyrimidine-2,5- 
diyl group; L and L' represent independently -CH2-O-, -O-CH2-. -GOO-. -OCO-, -CH2-CH2-. -CH = N-, 
-N = CH- or a divalent group represented by the formula (V): 

56 



6 



10 



75 



20 



25 



30 



35 



40 



45 



50 



55 



EP 0 617 111 A1 



■\'/- (V) 
o 



P and p- are independently 0 or 1 R is halr»o^n = ^ 

group; and R- is hydrogen or a C^Is aL gS.o)' JZT r"^' ^'"'^ ^"^>" 9^°"P °^ C,-,o alkoxy 

■ndependently an integer of 1 to 20 and 4 s n + n' < Srin m " ' ^^^pectively. n and n' are 

of the recurring unit (II) is polymerized and that ihl ^ r , characterized In that the end group 

. direction of an angle selected from belen 0 '^^^^^^ generally to the 

(2) An optically anisotropic film set forth Tn (1) aTovf saW film h^ °' 

crystal oligomer and a low-molecular weigh co^^^^d Jriow m °' " polymerized liquid 

'east one member selected from the group conSS^nT^f T weight compound being at 
(VII) and (VIII): 9'°"^ consisting of the compounds of the following formulae ^1) 



R3-Ar,-(L)p-Ar2— R4 (V|) 



group. c,-„ group o, C,-'. IZygrL^ ct T'^Z"- """"^<°y 9""P. .crKtoW 




(VII) 



(wherein Rj and Re represent independently hvdroQsn a r =ii, . 

m and l are independently 1 or 2) "varagen. a C, -20 alkyi group or C, -20 alkoxyl group; and 

CH2=C(R7)-COOR8 (VIII) 

by »o,gm „l lowmotecul* weigh, oSlSuna ' ""^ ""S"™" O '"* (»« 

SSf ^^^^^^^^ -™ .n .a. op,^, 




(IX) 

(wherein A is a group represented by the following formula (X) or (XI): 
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wherein, in the fornnula (X), -Si-O- is the main chain of the recurring unit (IX) and, in the fornnula (XI), -C- 
CH2- is the main chain of the recurring unit (IX) and the COO group is positioned at the side chain which 
is not Ri; when A in the formula (IX) is the fornnula (X), Ri is hydrogen, a Ci-e alkyi group Or phenyl 
group, and when A in the formula (IX) is the fornnuia (XI), Ri is hydrogen or a Ci-s alkyI group; k is an 
Integer of 2 to 1 0; m is 0 or 1 ; p Is 0 or 1 ; Ar-j and Ara represent independently a 1 ,4-phenylene group, 
1 ,4-cyclohexane group. pyridine-2,5-diyl group or pyrimidine-2,5-diyl group; L is -CH2-O-, -O-CH2-. 
-C0O-. -OCO-, -CH2-CH2-, CH = -N = CH- or a divalent group represented by the following formula: 



and R Is hydrogen, halogen, a cyano group, C1-10 alkyI group or C1-10 alkoxyl group), and the number 
of the recurring unit (IX) is 4 to 10,000, and further characterized in that the optica! axis of said film is 
aligned generally to the direction of an angle selected from between 10* and 80' against the normal 
line of the film. 

(6) A process for producing an optically anisotropic film set forth in (1), (2) or (3), which comprises 
forming a film of a linear-chain or cyclic liquid crystal oligomer composed of the recurring units (I) and 
(II) set forth in (1), subjecting the formed film to a heat treatment so that the optical axis thereof is 
aligned substantially parallel to the normal line of the film, and then polymerizing the end group of the 
recurring unit (II). 

(7) A process for producing an optically anisotropic film set forth in (1), (2) or (4) which comprises 
forming a film of a linear-chain or cyclic liquid crystal oligomer composed of the recurring units (I) and 
(II) described in (1) on substrate subjected to an alignment treatment, subjecting the formed film to a 
heat treatment so that the optical axis of the film will be aligned 10-80', in terms of angle of elevation, 
from the film plane, and then polymerizing the end group of recumng unit (II). 

(8) A process for producing an optically anisotropic film set forth in (5). which comprises forming a film 
of a linear-chain or cyclic liquid crystal polymer composed of the recurring units (IX) described in (5) on 
a substrate subjected to an alignment treatment, and subjecting the formed film to a heat treatment so 
that the optical axis of the film will.be aligned 10-80 • , in terms of angle of elevation, from the film plane. 

(9) A process for producing an optically anisotropic film set forth in (7) or (8), wherein the alignment 
treatment of the substrate is to carry out oblique evaporation of an inorganic material. 

(10) A laminate of an optically anisotropic film and a hydrophilic substrate, obtained by laminating an 
optically anisotropic film set forth in (1). (2) or (3) and a transparent or semitransparent hydrophilic 
substrate. 

(11) A laminate of an optically anisotropic film and a hydrophilic substrate set forth in (10), wherein the 
substrate is a glass plate, a hydrophilic polymer film or a laminated film consisting of a hydrophilic 
polymer film and a transparent or semitransparent polymer film. 

(12) A process for producing a composite retardation film, which comprises forming a film of a linear- 
chain or cyclic liquid crystal polymer composed of said recurring units (IX) and showing a nematic or 
smectic phase on a uniaxially oriented retardation film having the optical axis in the film plane, said film 
also having positive anisotropy of refractive index and made of a thermoplastic polymer, and heat- 
treating the formed film at a temperature above the liquid crystal phase/isotropic phase transition 
temperature. 

(13) A process for producing a composite retardation film, which comprises forming a film of a linear- 
chain or cyclic liquid crystal polymer composed of said recurring units (IX) and showing a nematic or 
smectic phase on a substrate having a glass transition temperature higher than the liquid crystal 
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> Hz > Oy (1) 
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'p^^^^^^^^^^ ^'^f-!-^- value, respecvely. of the in-p.ane 

(16) A composite retardation p.ate obtl n^^^^^^^^^ ^^-tion of the lam.nater 

optica) axis ,n the film plane, said film also haWnT nn^t^ ^'^"^ retardation film having the 

thermoplastic polymer, and a lamin^eTan onLT an.sotropy of refractive index and made of a 
hydrophilic substrate, wherein the rSacJve L^^^^ ''"^ - (^0) or and a 

followmg formula (1): . ^^'^^ '"^^^ ^^'^ composite retardation plate is defined by the 
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T^r'^^^^^^^^^^^ ;ninim^ value. respec«ve,y. ' of the in-plane 

Of sard laminated composite retardation plate) '"'^^^ direction 

in opSral^^^^^^^^^^^^ substrate. sald.«.m comprising a laminate 

w^ch an alignment treatment is carried o!^ ' ^ ' transparent or semitransparent substrate, on 

..h in 0.. s.d substrate being a 

optica, axis in the film Plane's'S^l^aiso ^a^^^^ ""'f ^"^ -^-^^«on film having the 

hermoplastic polymer, and a laminate oft oJSfy ansZ'o^T"^ mdex anisotropy and made^ofa 
(20) A polarizing film-incorporated composite m^fdJnn^f^ . '"^ ^""^ ^ ^"^^^^ ^et forth in (i 7). 
an optically anisotropic film set forth in X of fmo f.^ J'''^. ^^^.^^^^^'^ed in that a polarizing film and 
a substrate set forth in any of (10) and (15)' o 08) a^'bonTf. ^"'^^^^^P'' 
oTaS- ^ ™ — iet \1 r!iaTorTClrd re^ch^her J^d^ 

^^^rofTS (t?c:^^^t^sry L^iiT - - - 

and (15). (17) and (18) and a composite r^6aLTS °^^. f'l^"'' ^ ^"'^'^^^^^ any of (10) 

.qu.d crystal cell and a Polarizing film dTspS^r^i th T ^'^^ °^ <'^> P^°^'ded between a 
l.qo.d crystal layer held by the subs^aterhalo t^etJI f'* ^^"^ '^^^^l '^^l' comprising a 

an.sotropy and twistedly oriented 90 • ^2^0 - with S^^^^ '^^^^ "^^^'"^ P^^'^'^^ dielectric 

cell and a polarizing film disposed outside thereo f J? ^'^^ P^°^'ded between a liquid crystal 

oriented nematic liquid crystal having Zm^e die eS'S " homogeneousTy 
w^th the electrodes, said nematic l-quTcTste 

honzontally to the substrate When no voltage^s aLTed '"^ ^'^ ^"^"^^ substantially 

letUrar^THS ^oCeT^u^rS :b?"Tb "-'^ -t. oligomer film 

sem-transparent polymer suSstLe to ha^coat S^^^^^^^ ^""^^^"9 ^ tra4parent 
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0 ,»ln,» s,, ,o«h ,n above ,23,. — « 'Jtrx" L~ " 

Ox > Hz > Hy (1) 

. an. a, ... ..xi™. .a.. ^ « — Its'; ^nl,'^ r^InX"' ""^^ 
o. «» l»ni™K. o^i « *• :LS.*rt.^d fSion «lm having an opBcal axis 



(1): 

Ox > nz > riy (1 ) 



^ain . a,- n, are ih. — ^."^'^'^'^'^^^'^^ 
index of the composite retardation plate; and is the retractive ina 

composite retardation plate. ^rw«tai cell comDrising a liquid crystal layer held 

(26) A licuid crystal display --^^'^^^^^^^^^^ havS^g positive anisotropy 

between a pair of substrates provided /'^.'^'^Jf ' Llical axis In the direction normal to the 
of refractive index and twist orientation tors.onaMy w. h a ^el^^^^ ^'J ^^.^^^ the 

substrates when no electrical voltage ;^Zl°\^XXZ consi'stlng of (a) a laminate 

electrode substrates, and at least o"® ^^.f'^^^M ^^^^ a substrate set forth in above (23) or 

s.Tr.r»:i^ei:' "iSt ^^^^^^^^^^ 

isotropy of refractive index, and (B) a polarizing film. 

(28) A liquid crystal display device comprising ,h«,^nn and sandwitching a liquid crystal cell 

a p^r of transparent substrates having .^'^^^^^J^^JfJ^^^^^^^^^^^ substantially 
containing a nematic liquid crystal layer h^ing ^^'^'^^^^^^^^^^ no voltage is applied. 

index and made 

fromr«2m^p.SS^^^^^ - ^ ^ ^"^'"^ 

films, and . . ^.^ „^ x_rth ir> above (1 ) (2) or (5) being present between 

at least one layer of optically anisotropic film set forth in above (i >. w w 
the liquid crystal cell and at least one of the polarizing films. 

(29) A liquid crystal display device comprising ♦u^.mnn and sandwitching a liquid crystal cell 

at least one layer of the optically anisotropic film set forth m above (i). w 
botwlnTlea^ one of the polarizing films and the liquid crystal cell. 
The present invention is further '""Strated below. ^ po,ymer 

The liquid crystal °«9°'"«'-. ^^^P^l" I .h^^^^^^^ side chain type liquid crystal 

composed of the recurring units (IX) used ,n the preserrt anisotropy of refractive Index and 

Oligomer and a side chain type liquid 7^f ' P^J^'^J' Jy'^^^^^^^^ of tie side chain type liquid 

-ro^g=^porrrs=^^^^^^^ 

^So^r.S:::. L^:j:^^;rc?ur^^^^^^ -mlcal stablHty. preferred examples 
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onentat.on. while too small a number o icu^rrunrr ' temperature and a long time , or 

a«e,^,™„z,„o„. the „ : „• «o ,?p':fel;°,: °;°?™=<;"' <;"='«e«ics L «xetio„ « 

oi;rir~r:rrr,.Trr- ,.o„ 

examples of the preferred groups are: -(CH^fc, -(c4T- fCH f /rM ^ more. preferred. Typical 

rF^HS'SST ^^^^^^^ 
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and the structure in which Ar and a 

Th • preferably -COO- group ^ ^"^ ^ independently -CH2-CH2- 

group R In the recurring units m and 

Po ym.,i.etlon method of theL 1 1 "f """f^ ™»""ylate°™" "L" 

—Oh a PO,^— "lar- p^^^^^^^^^^ 
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easiness of operation and high orientation fixing efficiency. Known photopolynnerization initiators can be 
used. 

Examples of the nonpolymerizable mesogen groups usable for the linear-chain or cyclic liquid crystal 
oligomers composed of the recurring units (I) or the linear-chain or cyclic liquid crystal polymers composed 
5 of the recurring units (I) are shown in Tables 1-4. 
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Those bonded to the cyclic siloxane backbone ^.e ^ p^Ted^ "^^ °' performance. 
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Examp.es of the polymerizable mesogen groups usable for the linear-chain or cyclic liquid crystal 
oligomers composed of the recurring units (11) are shown in Tables 5-7. 
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Among these pCymertzable mesogen groups. ^^^^^^^^^^^ ^^^^^ ^iS:^ 
331-336 having methacrylate group are preferred and those o ^oj f 9 264 ^ P ^^^^ 
these mesogen groups, those borKied ^^^^^^^^^ bonded to the 

preferred as they give good properties to the subject oligomers^ u. m y 
cyclic polysiloxane backbone are especially preferred. 
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^^■B-l^^S^ToZ^^^^^^^^ V'^^^' °"90-rs. the rnethCs disclose, in 

Which said Side chain mesogen grSp i^ addeTfo the no! T"''!'' '""^'^ "^^^ ' '^^^^d in 

• acrylic add estar or methacry.ic acid e^er hllo ^ °' ^ ^^^^ an 

s polymerized. In case of adding rnesooen aroun ,n th? . f^^" 9'°"" ^ "^-^'^ spacer is 

the same structure as the side ^^ZlS^n luo ^1°"^^^^ the reacting material having 

alkenyloxy group producing an a.kvlenixv ^^^^^^ ! '^^"'""^ ""'"^ having 

controlUbondi^g^arof tr^LtST:; m3"' °^ "'^"^^'"^ ^'^ C')' " Po-ible to 

polymerizable mesogen groups Ty aSinc the feed rrT^^ ' " "°"P°'V--^able mesogen groups and 
groups in the reaction sfmilarlt for thn.f ^? °^ '^^''^'^S ^^'^^^^ to said mesogen 

alM-acrylic acid ester.^he "S^ o he potreZblL" ^" ^^^"^ -'<^ - - " 

groups can be controlled by adjusting the Zom- fT!.'T" T"^" '° nonpolymerizable mesogen 
corresponding mesogen groups a;LTcJ>c;ry Jrr^^^^^^ ' '"'^ ^^""^ °^ ^«-"9 the 

^"^Srrr ^ of -e ... cryst. 

polymer whi^is^orrnted i^ ^'sTe^c'trnT^^^^^^^^ - -ysta, 

employed in which a film is formS o^^a sSata7S^^^ °' " '""^^^'^ 9— "v 

crystal oligomer, oligomer compositirn or 00^^^ f ?^ alignment treatment and then the liquid 
Orientation treatmen? of th^XtS and °he hea Z"Z J\ " "''^ "^"^'^'^"^ °' 

direction Of Orientation, so that they at p^perTy^e^^^^^^^^^^^^ or, the 

crystal^CM^rotrsi^^^^^^^^^ ^SstL" ^ "^"'^ 

liquid crystal oligomer, liquid c-^stal ^ioomrcom^^^^ ' ""^'^"^ ""^^ ^ nr,entioned in which a 

in a state of solution or in a state o, ^°'"P°!^*'0" or liquid crystal polymer Is coated on a substrate 

be accomplished by ZZlr^ZZ^lZ ^sS^^^T:" " °' 

coating, printing, dip coatinq etc The oi?L«Vf ^' ^.^"'"''^ ^'^^"S' ^P*" ooating. spray 

form as it i. bu^. , i prefraV^i^r^^^^^^^^^ -V - in^-' 

r^cT^rir-^'---^ 

axis sZamSly^pa^ll^I tVirnoSleSTh^fT 7^^' ^--9 optical 

> Oligomer compo'siL is'fo^ed on^T Ipti cV:^^^^^^^^^^ -'ci'oligom'er or 

accomplished by heat-treatinq said film Tn. w cJ? !• ^ ^''"^ onented. Orientation can be 

above the transLn temSu^ torn tt S^^^ " T""^^ composition at a temperature 

transition temperature may hBt^ulnBr Z JZTL^ -r I *° orystal phase (this 

liquid Phase to the 150*^^0 pSse (t4 t^^^^^^^^^ temperature from\he 

the heat treatment Xemo^r^,:.7:^^ :: "ZT^^^ may hereinafter be referred to as Ti). As for 

Ti. and the heat treatment is prefeSy i^ri^^ZTa teJ^^^^^^ r^'"^""^ Tg . 30 • C ^ Tt < 

time Of heat treatment is not critical? tS ^Pnln k??"^ ! ^^ ^9 + 40-C s Tt < T,. The 

homeotropic orientation whHe too lono a h J^^f ' ^ ''^^'"9 unsatisfactory 

treatment time is PreferaC o 2 mlnutt^^^^ ^^ason. so that the heS 

said heat treatment, the mesJ^^ qrouos l^hV^^^^ 

homeotropic to the film planT. aS con33entlv^ .h'''" substantially 

film plane. consequently the film has the optical axis in the direction normal to the 

axis 'sub^^tSly VTrL'r^^^^^ ^Tu """i' "'^"^^^ ^ ^he optical 

crystal oligomer' is polymerired Pryr^tiLworme^^^^^^^ r '"^^ '^-^ 

polymerized while mairtaining Lentet^n oho^nn^ !■ " "'"^ oligomer must be 

or thermal polymerization S prefaSy' eCSed"?' kno^n "oof" --V^. etc. 

photopolymerization or thermal polymeriLrn % th-- -I ^" ^^"^^"O" '""'^^^ oan be used in 

p0iymer.2at.0n. Of these polymenzation methods, photqpolymerization and 



EP 0 617 111 A1 



thermal polymerization are preferred for simplicity of the process. Photopolymerization is most preferred for 

high stability of orientation. 

In case the thermal treatment temperature is below the liquid crystal phase/isotropic phase transition 

temperature, a substrate having a hydrophilic surface can be favorably used for providing orientation 
5 substantially parallel to the normal line of the film. As such substrate, there can be used a glass plate as a 

single body or a glass plate bonded to a liquid crystal cell. It is also possible to utilize a hydrophilic polymer 

containing hydroxy groups, carboxylate Ions or sulfonate ions. A polymer substrate having a hydrophilic 

polymer layer at the surface can be also used. 

Of the hydrophilic polymers, those having hydroxyl groups Include polyvinyl alcohol, polyethylenevinyl 
10 alcohol copolymer, and natural polysaccharides such as pullulan and dextrin obtained from microbial 

ferme/itation of malt syrup. Of these polymers, poly vinyl alcohol is preferred in view of solubility and 

easiness of homeotropic orientation. 

Examples of the polymers containing carboxylate ions include polyacrylic acid, sodium polyacrylate, 

polymethacrylic acid, sodium polyalginate, sodium salt of polycarboxymethyl cellulose and others. Of these 
76 polymers, sodium polyalginate, sodium salt of polycarboxymethyl cellulose and polyacrylic acid are 

preferred. 

A typical example of the polymers containing sulfonate ions is polystyrenesulfonic acid. Of these 
hydrophilic polymers, polyvinyl alcohol, sodium polyalginate, sodium salt of polycarboxynnethyl celluose, 
polyacrylic acid, pullulan and polystyrene sulfonic acid are preferred. Polyvinyl alcohol and sodium 

20 polyalginate are especially preferred. 

For orienting the nonpolymerizable side chain type liquid crystal oligomer or side chain type liquid 
crystal polymer in the direction substantially parallel to the normal line of the film, either a hydrophilic or a 
hydrophobic substrate can be used, and in this case, heat treatment is carried out at a temperature above 
the liquid crystal phase/isotropic phase transition temperature of the liquid crystal oligomer or liquid crystal 

25 polymer. The hydrophilic substrate used here is preferably one in which the contact angle with water is 60* 
or less, preferably 50 • or less. In the case of hydrophobic substrate, the contact angle with water is 85 • or 
greater, preferably 90 • or greater. Use of a hydrophilic substrate is preferred because of easy homeotropic 
alignment. The hydrophilic polymers usable here include the above-mentioned polymers having hydroxyl 
groups, carboxylate ions or sulfonate ions. The hydrophobic polymers usable for making said substrate 

30 include fluorine polymers such as polytetrafluoroethylene and polyvinylidene fluoride, polymers such as 
polycarbonate, polysulfone. polyarylate, polyethersulfone, cellulose triacetate, cellulose diacetate and poly- 
ethylene terephthalate, and hydrophilic polymers such as polyvinyl alcohol and saponified ethylene-vinyl 
acetate copolymer, which polymers have been subjected to a treatment for making them hydrophobic. The 
treatments useful for making said polymers hydrophobic include coating with a fluorine polymer or a 

35 surfactant such as lecithin, and reaction of said polymers with a silane coupling agent or titanium coupling 
agent. 

The temperature of thermal treatment of the liquid crystal oligomer film or liquid crystal polymer layer 
formed on a substrate is preferably above the liquid crystal phase/isotropic phase transition temperature of 
the liquid crystal oligomer or liquid crystal polymer used and below the glass transition temperature of the 
40 substrate. When the thermal treatment temperature is higher than the glass transition temperature of the 
substrate used, there arise the problems in the production process, such as deformation of the substrate. 
The optimal temperature range for the heat treatment can be properly selected by taking into consideration 
transition temperature of the polymer liquid crystal used and glass transition temperature of the substrate 
used. 

45 The alignment treatment of the substrate used for orienting the mesogen groups in such a direction as 
to let the film have the optical axis inclined 10-80 ' . in terms of angle of elevation, from the film plane in the 
present invention varies depending on the phase structure of the liquid crystal used. 

For instance, in case of using a liquid crystal material showing the nematic or smectic A phase, there 
can be employed a method using an oblique evaporation film of an inorganic material on the substrate, or a 

50 method in which after formation of an oblique evaporation film of an inorganic material, a surface treatment 
is carried out with a surfactant such as lecithin or a known homeotropic alignment agent such as silane 
coupling agent or titanium coupling agent. In carrying out oblique evaporation of an inorganic material, said 
inorganic material is preferably applied at a small angle against the substrate so that the oblique 
evaporation will be performed uniformly. Specifically, the inorganic material is preferably applied at an angle 

55 of 45- less, more preferably 30* or less. In terms of angle of elevation from the substrate surface. 

The direction of inclination of the optical axis of the liquid crystal polymer or liquid crystal oligomer film 
obtained by using said oblique evaporation film relates to the direction of evaporation, so that it is possible 
to set the optical axis in a desired direction in the film plane by fixing the direction of evaporation. However, 

20 
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Of these compounds. Sio/sicJ Sio! S^o MoO MoF P^^h ? n* '^9°'< 

are especially preferred. ^ ^ " ^ ^® preferred. SiO. SiOz and SiO« 

ac Jn'p^sCS mYnrure oTre^^^^^^^ '^^1'^^ ^uch evaporatlor, may be 

'0 by electron-beam heaZ or spu^ii^Ts nS^^^^ electron-beam heating or by sputtering. Evaporation 
The degree of vacuum for evap^2 is "^^ ^^JrC^uT'; ^'^'^^'^ 

decided from the viewpoint of uniform?J «f ?k "PP®-^ •'"''t of pressure that can be applied is 

from the viewpoint orp'SltrSicalirsat'rvl 'i'"' °^ ^^^^ '^^-^^^ 

.~ilm. in Vie. of this, the Seposi^on^atet Pre^^^yrro.r^^^^^ - 
. thiCnrs^S ™1X™^^^^ - - - -at a small film 

iTto^r^- - -.ss^h:;rbro.oi't:?:.iio r^i-^b^^i^- rr^:- ~ 

crysral'p^rymerriip^ ^'^.-^^''^ ^ P^-e. it is possible to obtain a lipuid 

5 forming a fMm of said Itouid^li . '"^ ^''^ ^'"^ ^n inclination of 10-80- by 

film. I? this ca e obSe So al riSnVrinlrT"*''^'^"*^ ^^^^-'^ 
employed for aligning thl tilt dlreclTofm^:^^^^^ ^ ""^^"^^^ °^ ^'^^'^ -V be 

surfa^aTIra^tc^^^^^ rni^neTLt^^^^^^ '"^ ^"'"^^^^^ ^"^^^ ^^drophobic ^th a 
' polymer or liquid cry^roliqomer oftL 2^ ^ v""'"^ "^"id crystal 

by maKing the%ub Jat" rcrh;dr^«^^^^^^^ - ^ °^-d 

hydrorhrc^fofe^aST^iro^^^^^^^^ ^^^'"9 ^eP-ited film surface 

ions or su«onate ionfrcord on the^^Jtr^^^^^^^^^^ 

plasma treatment, corona discharge trLtmeni or' «/nnl^^^ .^^ ^ ^""^^^^ subjected to a 

water vapor atmosphere As the notmo T Z ^ treatment with ultraviolet rays, in an oxygen or 
polymers havinrhydroil^^ouDs^ '"^"'^ ^^Vdrophilic. there can be used saS 

coated on the deSed ? m fnrm.H k ^ T^'' ^^"""^ W^'^" « hydrdphilic polymer is 

ano (V,„) sho»n a J«2rlS^S,e °* « »« -o™*. (Vl). (V,,, 

c.c«ocy,oxy.oc«ai,,oK7ao^a™%«S>^''' •"«>""<»• 
represented by FU include methvr^th3r nr^ 7 k? . 9'°"Ps alkoxy groups 
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Rettmng to the low-™*col.' wNgm compounds r«>r.se..t.d by th. '°^^2^^■lo<JM UO'^^■ 
,„dop.™d.nSy bydrogen. 9-P ha-ing friTp^STS^ X^pr^yrbS/l.txyl. 

b.nzoph.none. 4*hylb.n.«,bPPonp. '^^'^'^'T^'^^^^. i.A^-mM..,.^ 
Examples of the low-molecular weight compounds ^^PJ^f "*f or^icr acrylate. methyl 

part b, weight based pp said plioomer, the effect ol '^'^I^^^^^Zl^sa the prodiK^d «lm. 

'^rjrrp;^irs"ir.?;srrrpr'zr^Ta"r.so^2".^pic 

is thin plate-like or film-like when the substrate .s used for ^.l-^^-^^^' "J^P'^^^^^^^^ ^^^3 an angle of 

as such treatment gives adverse effect to alignment of the optical axis. 

AS the material of the transparent o; sen^transpa^nt P^^e Id ^oCe e^^^^^^^^ Tn the 
hydrophilic polymer or of the polymer film ^^"9 "^f oolyarylate, polyether sulfone. 
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the hard coat agent ^^^V o"9omers and.organosiloxanes is more preferable « 

can '"bJ'irS oulTlreSo^nl^^^^^^ P^'^"-- 

ethylene nThSies '^ '' ^^'^"^--'^y' copolymers, polyethylene terephthalates and poly^ 

as a''r:,rco2;:;'rthod'x^^^ "^^^ ^-•^ 
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scarcely causes dissolution or swelling of the substrate, and the solution is coated on the substrate by a 
known coating method such as gravure coating, bar coating, spin coating, spray coating, printing, dipping, 
etc.. or the polynner is melted and coated on the substrate by a known coating method such as roll coating, 
gravure coating, bar coating, spray coating, dipping, etc. 

In view of easiness of operation, it is recommended to form the film from a polymer solution by using 
such coating method as roll coating, gravure coating, bar coating, spin coating, spray coating or dipping. 

Some types of polymer film, such as the films of polycarbonate, polystyrene, polyarylate and polyether 
sulfone. are small in surface tension and may repel the hydrophilic polymer solution, so that in case of 
using such films, they may be subjected to a known surface treatment, such as plasma treatment, corona 
discharge, ultraviolet irradiation, etc.. for increasing the surface tension of the film before forming thereon a 
film of a hydrophilic polymer. 

The thickness of the transparent or semitransparent polymer film used in this invention is not critical, 
but it is preferably 1 to 500 um, more preferably 10 to 300 um, still more preferably 40 to 200 um. 

The thickness of the hydrophilic polymer film is also not critical, but it is usually 0.1 to 500 um. 
preferably 0.5 to 100 um, more preferably 1 to 50 um. As for the solvent, any solvent capable of dissolving 
the hydrophilic polymer can be used, but it is recommended to use water for economical reason. 

Then, a film of a liquid crystal oligomer is formed on the hydrophilic polymer film. The film forming 
method is not specified. For example, the film can be formed by dissolving a liquid crystal oligomer in a 
solvent which can dissolve said liquid crystal oligomer but scarcely causes dissolution or swelling of the 
substrate or hydrophilic polymer, and coating the solution on the substrate by a known coating method such 
as roll coating, gravure coating, bar coating, spin coating, spray coating, printing or dipping or by heating 
said hqutd crystal oligomer to a temperature above the solid phase/liquid crystal phase transition tempera- 
ture of said liquid crystal oligomer to reduce its viscosity, and then coating it on the substrate by a suitable 
coating method such as roll coating, gravure coating, bar coating, spray coating or dipping. In view of 
easiness of operation, it is recommended to form the film from a liquid crystal oligomer solution by using 
such coating method as roll coating, gravure coating, bar coating, spin coating, spray coating or dipping. 

The thickness of the thus formed liquid crystal oligomer layer is preferably 0.1 to 20 um, more 
preferably 0.5 to 10 um. even more preferably 1 to 7 um. When the layer thickness is less than 0.1 um. the 
layer may fail to develop the optical properties of the liquid crystal oligomer to a satisfactory degree, and 
30 when the layer thickness is greater than 20 um, orientation becomes hard to conduct. 

As described above, for obtaining a high degree of homeotropic orientation of the liquid crystal 
oligomer, the liquid crystal oligomer/polymer laminated film is heat-treated at the same temperature for the 
same period of time as in the case of the aforementioned liquid crystal oligomer polymer film. However, in 
the case of a substrate having certain glass transition temperature or a substrate incorporated with certain 
additives, there tends to take place deformation of the substrate or hydrophilic polymer layer formed on a 
substrate when the working temperature is above the flow temperature of the substrate, so that the upper 
limit of working temperature is preferably set below the glass transition temperature or flow temperature of 
the substrate. By this treatment, the liquid crystal oligomer film on the polymer substrate Is substantially 
vertically oriented. The heating rate and cooling rate In the heat treatment are not critical. 

In the case of a polymerizable liquid crystal oligomer, it is polymerized after orientation in the same 
way as in the case of liquid crystal oligomer polymer. 

For producing a transparent or semitransparent polymer film of this invention, there can be employed a 
suitable molding method such as solvent casting, extrusion molding or press molding. 

A laminate of a liquid crystal oligomer polymer and a substrate can be similarly obtained when using a 
45 glass plate or a hydrophilic polymer film as substrate. 

In the oriented liquid crystal oligomer polymer film or the laminate of an oriented liquid crystal oligomer 
polymer film and a hydrophilic substrate according to the present invention, the optical axis is substantially 
parallel to the normal line of the film, so that by using a plural number of the uniaxlally oriented retardation 
films having the optical axis in the film plane, said films also having positive anisotropy of refractive Index 
and made of a thermoplastic polymer, it is possible to make a composite retardation plate or composite 
retardation film. Also, in the laminate of an optically anisotropic film and substrate subjected to an alignment 
treatment according to the present invention, the optical axis is Inclined 10-80-. in terms of angle of 
elevation, from the film plane, so that by using the uniaxlally oriented retardation films having the optical 
axis in the film plane, which films have positive anisotropy of refractive index and are made of a 
thermoplastic polymer, it is possible to make a composite retardation plate or composite retardation film. 
Hereinafter, the composite retardation plate and composite retardation film are referred to representatively 
as composite retardation plate. 
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(n. oM^Zr ^^^^ ~s to .e .ax... ...e 

Plane refractive index of the composite retardLn plX aTthe^e^^ ^ 
direction of the composite retardation plate '"efraction index (nj in the thickness 

' 'n^'^Tua^o:::^^^^^^ - - o, refractive indexes of 

is practical to estimatemettCv oTfe a^t ve rex^^^^^ ?T'°'' ''''' " 

.e .::;rd!rernT- -^^^^^ in 

- degree, a good viewing angleTZ^ ^ s^nTth^C T " '"^""^'^ ^ ^" ^"^'^ °^ 
1.10 > R(40-)/R(0)> 0.90 
corresponding to: 

.5 comp:srtrret^dX%'.lT;^t^^^^^ '^'''''^^ ^"'-^-P^ t-^e 

■0 may^ 'bTndetto eac^iTZfli^lTb^T'^'f ""'^'^'^"^ 

separately from elch other "^'^ °' *° ^ °^ ^^ey may be used 

teraertng ,oiraSlSH!r,J , , ''^ ."iptoyed the knovm 5t,«cl.lng methods so* as 

Plate and a liSSfcrys^l S fo7S^^^^^^^^ '"T"^' ''"^ '"^^ ^^^^^^^^ « P°'«"^*n9 

viewing angle, it TpSrabirto o2nn tSL ! • h ? ^ '"'""^ ^'"P'^^ ^^^^^ ^^^^'"9 ^ ^'^er 

uniaxiallyoSented LaSS^^^ -^^'^"^^"-^ "^"'^ -vstal oligomer film between a 

exa JSres7ow;vV"rm;efy inte'ndU'totf ? IT "^"""^^ *° -^-h 
the invention. ' '° °^ "lustrative and not to be construed as limiting the scope of 

liquiI^%^S'rg"omers werl 'Z^I^TT^T''''''^ ^'^^^ ^^-^P-^*"™ °' ^'^^ °'>^-«^ 

sLning calorSr DScT tJS rr^^^^^ observatoon with a polarization microscope and a differential 

regaJSed as Ti P^^"* ^"PPOsed to be due to liquid phase/isotropic phase transition wS 

substLTad ^fo^^^^^^^^^ °^ ^ -VStal oligomer polymer film and a 

extinction would teteScrLo?^^^^^^^ 1 '° ''^^ P'^"^' » '^^^ observed whether 

nicols in ca^rthf LbstrL 3no S TT^'^'' "'"^ ^'^^^^ horizontally under crossed 

would enlarge with lSSrofrc.i:atior;rZ- r^^^^^^ — ~" 

doub^ rr^ ~rorr:iV r -e™;nvention. first in-plane 

dete^^^edliSI'thropSrai;^^^^^^^^^^^ ^^'-^^^ -'^h reference to retardation (R(.)) 

m me optical axis in the homogeneous plane being inclined by an angle of e. 
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As for the viewing angle of the laminated composite retardation plate or film, the angle e when R{e) = 
1.10 X R(0) was defined as the viewing angle of said plate or film. 

The present Invention is illustrated by way of the following Examples, in which all percents are by 
weight unless otherwise specified. 



A 7% aqueous solution of polyvinyl alcohol (Poval 117, produced by Kuraray Co., Ltd.) was coated on 
an 80 \)m thick cellulose triacetate film and dried in hot air of 100 -C. The resultantly obtained polyvinyl 

70 alcohol film was 3 um thick. 

A 1 : 1 mixture of 4-(allyioxy)-ben20ic acid-4'-cyanophenyl ester and 4-(allyloxy)-ben2oic acid-(4'- 
methacryloyloxyphenyl) ester was reacted with pentamethylcyclopentasiloxane in the same way as de- 
scribed in USP 4,410,570 to obtain a liquid crystal oligomer comprising, as its main structural units, cyclic 
pentasiloxane oligomer having in Its side chain nonpolymerizable mesogen groups and polymerizable 

16 mesogen groups in a ratio of about 1:1. Elemental analysis of this liquid crystal oligomer showed C = 
61.7. H = 5.3, and N = 2.0. The content of the cyclic pentasiloxane liquid crystal oligomer as determined 
in terms of gel permeation chromatographic areal percentage was 69%, and that of the unreacted monomer 
was 4.5%. The addition rate of side chain mesogen as determined from integration of the peak on H-NMR 
spectrum was about 80%. 

20 Tg of the obtained liquid crystal oligomer was 18.7-C, and Ti was 117.5'C. This liquid crystal oligomer 

was dissolved in methylene chloride to a concentration of 5 wt%, and then Irgacure 907 (produced by Clba- 
Geigy AG) was mixed as photopolymerization initiator in an amount of 2 wt% based on the liquid crystal 
oligomer. This liquid crystal oligomer solution was applied on a polyvinyl alcohol-coated cellulose triacetate 
film by using an applicator with a gap width of 40 um. followed by during at room temperature. The 

25 resultantly formed liquid crystal oligomer film was cloudy. 

The thus obtained liquid crystal oligomer/polyvinyl alcohol/cellulose triacetate laminated film was heated 
on a 95* C hot plate for 5 minutes and then cooled. Then this laminated film was irradiated with light from a 
high pressure mercury lamp at a light intensity of 500 mW/cm^ on the irradiated surface. 

The obtained liquid crystal oligomer polymer/polymeric compound laminated film became optically 

30 extinct under crossed nicols and showed retardation of 5,3 nm which was supposed to be ascribable to 
cellulose triacetate, but retardation enlarged when the laminated film was inclined from the homogeneous 
plane. The relation between inclination angle and retardation is shown in Fig. 1 . In view of the fact that 
retardation enlarges with increase of inclination angle, it is seen that the liquid crystal oligomer polymer is 
oriented vertically. The thickness of this liquid crystal oligomer polymer layer measured by using a needle 

35 surface profiler as a thickness meter (Alpha Step AS-200 mfd. by Tencor Co.) was 2.3 u.m. 

Then, in order to obtain a uniaxially oriented retardation film having the optical axis in the film plane, 
said film also having positive anisotropy of refractive index and made of a thermoplastic polymer, an 80 um 
thick polycarbonate base film was formed by solvent casting, and this base film was stretched 1.2 times at 
185'C by longitudinal uniaxial stretching method. The obtained polycarbonate retardation film had a 

40 thickness of 66 um and a viewing angle of 39* with R(0) = 380 nm. 

When this polycarbonate retardation film and a liquid crystal oligomer polymer/polymeric compound 
laminated film were laminated, the viewing angle became greater than 60 \ and there was obtained a 
composite retardation film with a greater viewing angle than that of the polycarbonate retardation film alone. 
Further, when this composite retardation film is placed between the upper polarizing plate and the 

45 corresponding liquid crystal cell of an STN type liquid crystal display device, black and white display is 
given, and the film shows excellent viewing angle characteristics. 

Comparative Example 1 

50 The procedure of Example 1 was carried out except that no heat treatment was conducted after coating 
of the liquid crystal oligomer to obtain a laminated film of a liquid crystal oligomer polymer and a polymeric 
substance. The obtained laminated film was cloudy. 

Observation of the laminated film under crossed nicols confirmed cloudiness of the film and showed 
that the liquid crystal oligomer polymer was not oriented vertically. 
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Example 2 



70 



75 



alcoH^rtoT,""'^ °\ ^''•^"""^ ' "'^^ ^"'^^P' «'9'"=»e used in place of polyvinyl 

I ^r? ^ '^"'•nated film of a liquid oligomer polymer film and a polymeric substanS 7^5 

/S r^aS^r en, ^"'^'■9^^ " ""^ -t^^" t^^^ vvas tilted 

^no™? ^"'^^g^d proportionally to the inclination, it was confirmed that the liquid crystal 

oligomer polymer layer was oriented vertically. ^ 

viewlIUlTnl*!^ polycarbonate retardation film used in B<ample 1 and said laminated film were laminated the 
viewing angle than that of the polycarbonate retardation film alone 

When this composite retardation film is placed between the upper polarizing plate and the correspond- 
ng l^uid crysta cell of an STN type liquid crystal display device, black and white display is given tS^Jhe 
film shows excellent viewing angle characteristics. ® 



Example 3 



so 



25 



no. "^^1 P'°f®^"^® °f Example 1 was followed except that the cellulose triacetate film was replaced bv a 

uSiT^amor; ^t"'"^ ""'^ ^'"^ = P-P-^^ the same me^o^'as 

sS^tancf ^ °' ^ "''"'^ ^"S^'"^^ and a polymery 

This laminated film showed retardation of 382 nm, which was almost equal to retardation of the 

"rt^Vr '"^^ ^'^"^^ °^ retardation'even wh^the rmlte. 

«m,*^w! homogeneous plane, while the viewing angle was greater than 60'. indicatino a 

remaricable improvement of viewing angle as compared with that of the single retardation film ^ 
When this composite retardation film is placed between the upper polarizing plate and the corresoond- 

film shows excellent viewing angle characteristics. y >* given ana tne 



30 Example 4 



35 



40 



the IeLloTtriacet°^^^^^^^ ' Z^' '^T''' ^''^P* °' ^ nonstretched polysulfone film in place of 

me cellulose tnacetate film to obtain a laminated film of a liquid crystal polymer film and a oolvmerir 
substance. Retardation of this laminated film was 3 nm, about the same as SardSon of Sie nonSSeS 

planTReterd^on''^^^^ '^'"^^^'^ from IhrhroTeneous 

was confl^Sr^hSr;^^^^^ ° f ; r ""'^^^ed with increase of film inclination. 

It was confirmed that the liquid crystal oligomer polymer layer was oriented vertically 

view^TnlS! retardation film used in Example 1 and said laminated film were laminated the 

viewing angle that of the single polycartDonate retardation film 

ing S^'^It?T5ln?T?;'°" T ^'"'^ "^^^^ "PP^^ P'^*^ correspond- 

fHm lh« °^ ^" STN type liquid crystal display device, black and white display is given and the 

film shows excellent viewing, angle characteristics. 

4S Example 5 

alasi oir^nHT f ^""^""^^^ ' ""^^ ^"'^^P^ ^•^^^ ^^""'°se triacetate film was replaced by a 

nTr^Tn . "° "^^^ "^^'^ « '3'"*"ated film of a liquid crystal oirgomer 

50 reZZ^BTrlTr^"" ""'"""^ transparent under crossed nicols and showed z ero 

SaTR^ard^i;r«??S°" ^Tr^ ""'"^^"'^ '^'"'"^'^^ ♦^O'" homogeneous a 

S t^ran^S me fl^ T "'^^ ^'^^ °' ^''^ retardation enlarged wit? increase 

Thrl J ""^^ confirmed that the liquid crystal polymer layer was oriented vertically, 

noi J K 1 ^ ^ P^'y'"®^ '^ye^ '^as 2.0 urn. When said laminated film and a 

po ycarbonate retardation film were laminated, the viewing angle became greater than 60' and hTre was 

retHrtL^fr'""""'""'""" "'•^ ' "^^'"^ °^ picXni 

ing S^'^ista^S'LTN^^^^^ T "PP^^ P°'^"^'"9 P'^»^ '"^^ correspond- 

ing liquid crystal cell of an STN type liquid crystal display device, black and white display is given and the 
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film shows excellent viewing angle characteristics. 
Example 6 

A 7% aqueous solution of polyvinyl alcohol (Poval 117, produced by Kuraray Co.. .^^^-Jj^^J^J^^^^^^^^ 
an W um tl^ck celluiosa triacetate film and dried In hot air of 100 -C. The formed polyv.nyl alcohol f.lm was 

'•''^ 'cyclic pentasiloxane liquid crystal oligomer obtained in Example 1 ^l^'^^^^^^^^^^^ 
chloride to a concentration of 10 wt%. In this solution were '"''<^^^^-^y^"^-'2'3 2 wfcl 

photopolymerization initiator, Irgacure 907 (produced by Ciba-Ge,gy AG .n a,T,ounte '^^^^ 

laminated film was heated in a 70-C thermostat for ^ J '^^^f ^ ''""^ ^ 

holgeneous plane. Retardation at 60' inclination was 77 nm. The of t*^'^ J' ^ /^^'".^^^^^^^ " 

the viewing angle became greater than 60- and there was obta.ned a compos.te retardation f.lm w.th 
greater viewing angle than that of the single polycarbonate retardaton film corresoond- 
When this cornposite retardation film is placed between the upper polanzmg plate and the correspona 
ing S cTstal STof an STN type liquid crystal display device, black and white d.splay .s g.ven and the 
film shows excellent viewing angle characteristics. , +^ ^* qtn k/op liauid 

Lid composite retardation film may be bonded to the ^^^^ ^^^^^^^^^^ 
crystal display device by a butyl acrylate type binder, and in th.s case. too. the film shows excellent 

30 field characteristics. 
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Example 7 
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45 



50 
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enlarged when the film was tilted from the homogeneous plane. Retardation at 60 mchnafton was 50 nm. 
The haze of this laminated film as measured by a hazemeter was 1.4 /o. ... ^ anale 

When the oolvcarbonate retardation film and said laminated film were laminated, the viewing angle 
becaTe gre^erCan rtd there was obtained a composite retardation film with a greater .ewing angte 
than that of the single polycarbonate retardation film. , . • ^ anH ihP ror- 

When this composite retardation film was placed between the upper ^^^^^'^^f^^^'^J^ Zs 
responding liquid crystal cell of an STN type liquid crystal d.splay device, black and white d.splay was 
given and the film showed excellent viewing angle characterist.cs. 

Example 8 

A 7% aqueous solution of polyvinyl alcohol (Poval 117, produced by Kuraray Co.. J) <:°^*^^^^ 
an 80 um th^ck cellulose triacetate film and dried in 100 • C hot air. The formed polyvinyl alcohol film was 2 

'''"Se's-membered ring pentasiloxane liquid crystal oligomer obtained in Example 1 was dissolved in 
The obtained oriented liquid crystal oligomer composition film was cloudy. 
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When this laminated film and the polycarbonate retardation film used in Example 6 were laminated th. 

given and the ftinn shows excellent viewing angle characteristics. 
Example 9 

Of ^^.^Z^LtZZ ' °' ' '^^^ °^ -ethacrylate in place 

vAfl, ® ^''"^ measured by a hazemeter was 1 8% 

viewing angle than that of the single polycarbonate phase difference film 

ZSis^SCl^^^^^^^^ ^'-^ -^«a display is given an'd the 

Example 10 

to oJ^^L'^l'^^ZeofT^fJZ^v "° polycarbonate retardation film was laminated 

this Innate ^ o!lr^ an oriented liquid crystal oligomer polymer film and a hydrophilic substrate. When 
^ZXT^Zifc^Jri^^"^ P'"'" corresponding liquid crystal cell of a homoge- 

neously oriented ECB type liquid crystal display device, it shows excellent viewing angle characteristics. 

Comparative Example 2 

the touid'c^v^r^* ^^""^'^ ^ "'^^ ^""^P^ "° ^^^^^'"^"t conducted after coating of 

rLT^ ^ w ° composition to obtain a laminated film of a liquid crystal oliqomer^ vme 

composition and a polymeric substance. The obtained laminated film was cloudy 

rrvJT^r ^'■ossed nicols. the laminated film was cloudy and it was found that the liouid 

crystal oligomer polymer composition was not oriented vertically. ^ 

Example 11 

sarrlt7yT^J^ZT£pT.^S*^7^^ Pentamethylcyclopentasiloxane in the 

oligom^ as main^uctl^!! 1^. • 7 V^'""" ^ ^ ^^^"^ pentasiloxane liquid crystal 

ohSSso^Lr nh^I ? « " ^'^^^^^ ^^"^^'l "e^iatic phase and its liquid 

IrM^nTT^ ^ temperature was 97 -C. This liquid crystal polymer was dissolved n 

plate^foMO mini? TH^'''*^^ '^^ ^'^^^ ^"^^^^^^ f^^ated on a 130' C hot 

thfglass su^raS wL c^^^^^^^ the glass substrate left on the hot plate, the hot plate was switched off and 
glass substrate was cooled gradually down to room temperature over a period of 4 hours. The cooled 
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liquid crystal polymer was transparent under crossed nicols and showed zero retardation, but as retardation 
appeared when the liquid crystal polymer film was tilted from the homogeneous plane, it was found that the 
film was oriented vertically. 

A 185 urn thick polycarbonate base film was obtained by solvent casting, and this base film was 
5 stretched 2.1 times at 184'C by transverse uniaxial stretching. The obtained polycarbonate phase 
difference film was 98 um thick and its viewing angle {6 = 1.10) was 31 with R(0) = 572 nm. 

When this polycarbonate retardation film and the liquid crystal polymer film on the glass substrate were 
laminated, the viewing angle was greater than 45 • and there was obtained a composite retardation film with 
a greater viewing angle than that of the single polycarbonate retardation film. 
10 This enlargement of viewing angle is indicative of homeotropic orientation of the liquid crystal polymer 
film, . 

Comparative Example 3 

76 The process of Example 11 was carried out except that the glass substrate coated with the liquid 

crystal polymer was not heated to obtain a liquid crystal polymer film. When observed under crossed 
nicols, the obtained liquid crystal polymer film showed a minute Schlielen texture. 

This liquid crystal polymer film and the retardation film obtained in Example 11 were laminated to 
obtain a composite retardation film. This composite retardation film, when observed visually, was cloudy. Its 

20 viewing angle was 32.7- , not much different from that of the liquid crystal polymer film. 

Example 12 

When a glass substrate was subjected to oxygen plasma treatment, its contact angle against water 
25 became 5.2'. A 1.1 um thick liquid crystal polymer film was obtained by following the same procedure as 
Example 1 1 except that the film was made hydrophilic. This liquid crystal polymer film and the retardation 
film obtained In Example 11 were laminated to obtain a composite retardation film. The viewing angle of this 
composite retardation film was over 45* , greater than that of the original retardation film. 

30 Example 13 

When a glass substrate was treated with a silane coupling agent (AY43-021 produced by Toray Silicone 
Co., Ltd.) to make it hydrophobic, the contact angle against water became 87.4 V A 1.5 um thick liquid 
crystal polymer film was obtained in the same way as Example 11 except that the glass substrate, after 
35 heating, was placed on a 20*C stainless plate and cooled quickly. This liquid crystal retardation film and 
the retardation film obtained in Example 1 were laminated to obtain a composite retardation film. The 
viewing angle of this composite retardation film was over 45 * , greater than that of the original retardation 
film. 

40 Example 14 

Polyvinyl alcohol (for oriented liquid crystal film, produced by EHC Inc.) was spin coated on a glass 
substrate to obtain a polyvinyl alcohol substrate. The contact angle of this substrate against water was 
45.2 • . An acetone solution of the same liquid crystal polymer as used in Example 1 was spin coated on 
45 said polyvinyl alcohol substrate, followed by the same heat treatment as conducted in Example 11 to obtain 
a 0.7 um thick liquid crystal polymer film. The viewing angle of this composite retardation film was 37.5 
greater than that of the original retardation film. 

Example 15 

50 

The polycarbonate base film used in Example 11 was bonded to a glass substrate and subjected to 
ultrasonic cleaning with a detergent, and polyvinyl alcohol was coated thereon in the same way as Example 
14. The contact angle of this substrate against water was 45.2*. A liquid crystal polymer film was formed 
on this substrate according to the process of Example 4 and then heat treated in the same way as Example 
55 11 to obtain a 1.6 um thick liquid crystal polymer film. This liquid crystal polymer film and the 
polycarbonate retardation film obtained in Example 1 were laminated so that the delayed phase axes of the 
respective films would agree with each other to obtain a composite retardation film. The viewing angle of 
this composite retardation film was 32.0 V greater than that of the composite retardation film obtained in 
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Comparative Example 4. 
Comparative Example 4 



10 



75 



20 



25 



Tl«.«. th. ».«inQ^Sri«™ J r"'"' '"^'^ rWMatlon film was 29.01. 

Comparative Example 6 

Example 16 

cryslal polymer Th,^ed n.lMc^.2 P^'" '^""^ "VStal polymer. TWs liquid 

mm I?sCS JSlT.r3 mTuL"'rr,'^^ ""^ 

810= W/arr»,.'=.ro^"!^a»:S;r^^^^ H was W ^ « 

Comparative Example 6 

laminate had no S orferS^tion ''^ ^''^^^ '"^«"^«°" « the 

Example 17 
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The obtained laminate was cloudy and 1.8 urn thick. The obtained filnn was heated at 60 "C for 3 
nriinutes and then observed under crossed nicols. It was found that the liquid crystal polymer was uniformly 
oriented at the portion where Si02 was deposited. 

Fig. 2 shows diagram matically the direction of evaporation and the inclination axis al the time of 
5 measurement of transmitted light intensity, and Fig. 4 shows change of transmitted light intensity when the 
laminate was turned about said inclination axis. It is seen from Fig. 4 that extinction occurs when the 
laminate is turned 30 • about the inclination axis b, and that the liquid crystal polymer is oriented with an 
inclination of 30 * from the direction normal to the laminate. 

By using the oriented liquid crystal polymer film or oriented liquid crystal oligomer polymer film with the 
to optical axis inclined 10-80", in terms of angle of elevation, from the film plane according to the present 
invention, or by laminating such film and a transparent or semitransparent film of a polymeric substance or 
combining said film with a uniaxially oriented retardation film, It is possible to obtain a composite retardation 
plate with a large viewing angle. 

Also, by applying said film or laminate to an STN type liquid crystal display device, it is possible to 
75 remarkably improve the display characteristics, especially viewing angle characteristics, of the display 
device. 

By using an optically anisotropic film having the optical axis substantially parallel to the normal line of 
the film, or by laminating such film and a transparent or semitransparent film of a polymeric substance, or 
by combining said film with a uniaxially oriented retardation film, It is possible to obtain a composite 

20 retardation plate with a large viewing angle. 

Further, by using an oriented optically anisotropic film having the optical axis inclined 10-80' from the 
film plane, or by laminating such film and a transparent or semitransparent film of a polymeric substance, or 
by combining said film with a uniaxially oriented retardation film, there can be obtained a composite 
retardation plate with a large viewing angle. 

25 Also, by applying said film or laminate to an STN type or homogeneously aligned ECB type liquid 
crystal display device, it is possible to remarkably improve the display characteristics, especially viewing 
angle characteristics, of the display device. 

Example 18 

30 

On the same polycarbonate retardation film as used in Example 1. a stable colloid of partially 
hydrolyzed silicon tetrachloride was coated using a bar coater #9 and air dried. The same liquid crystal 
oligomer as used in Example 1 was dissolved in toluene so as to make the concentration 20%, followed by 
dissolution of Irgacure 907 (mfd. by Ciba-Geigy AG) as a photopolymerization initiator in an amount of 2% 

35 based on the weight of the liquid crystal oligomer. The resulting solution was coated on the above- 
mentioned substrate using a bar coater #9 and dried at room temperature to give a liquid crystal oligomer 
film of 2.5 um thick. The resulting liquid crystal oligomer film was clouded in white. 

A laminate film comprising the resulting aligned liquid crystal oligomer and a substrate was heat treated 
at 80 ' C for 5 minutes, followed by irradiation with ultraviolet light at 2 J/cm^ from a high-pressure mercury 

40 lamp. 

The resulting laminate of aligned polymerized liquid crystal oligomer and substrate showed 380 nm due 
to the retardation film. When this laminated film was inclined using the optical axis of the retardation film as 
an inclination axis, the retardation hardly changed. The viewing angle was 60* or more, and greatly 
Improved compared with the case of single use of the retardation film. 
45 When this laminated film of aligned polymerized liquid crystal oligomer and substrate is placed between 
the upper polarizing plate and the liquid crystal cell of an STN type liquid crystal display device, black and 
white display is given and the film shows excellent viewing angle characteristics. 

Example 19 

60 

On the same polycarbonate retardation film as used in Example 1. a hard coat agent (Sumiflex XR-11, a 
trade name, mfd. by Sumitomo Chemical Co.. Ltd.) was coated using a bar coater #9 to form a film of about 
5 iim, followed by photo curing. The resulting film was plasma treated In an Ar gas. The same liquid crystal 
oligomer as used in Example 1 was dissolved in toluene so as to make the concentration 20%. followed by 
65 dissolution of irgacure 907 (mfd. by Ciba-Geigy AG) as a photopolymerization initiator in an amount of 2% 
based on the weight of the liquid crystal oligomer. The resulting solution was coated on the above- 
mentioned substrate using a bar coater #9 and dried at room temperature to give a liquid crystal oligomer 
film of 2.1 um thick. The resulting liquid crystal oligomer film was clouded in white. 
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mercury lamp. uiiravioiet iignt at 1 J/cm- from a high-pressure 
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3 J/cm2. The same liquid crystal oliaoLr «^ .fci 1?' ? ' ''"'^'^ 'rradlating ultraviolet light at 

concentration 200^. i^llTby £ZZn lnr^^^^ on'^?^' "'^^ «° «^ '"ake the 

tion initiator in an amlnt of 2% basti on the w^nL^ « Photopolymeriza- 

was coated on the above-mentiteTslS^ra^^^rnfa ^IZT^sZT^^^Tr' ^^^"'""^ 

a liquid crystal oligomer film of 3 um thick The rJl „ , °f ^ temperature to give 

The resulting 'composite Starrion l^^L"^^^^^^^ ---^^^ whitl 

With ultraviolet light at 1 J/cm^ from a high -pressure mercurv lamo ollowed by irradiation 

conZxe^Zl^Tnl^^^^^^^ f^. ^ '^^ to the retardation film. When this 

the retardation hardly ct^gS. Tt:^\ZT^%o^lV^' ^ 

the case of single use of the retardation «lm ^""^ ""^^^^^ ^ 

ce.1 I^-NTvri^lTyS^lsS^^^^^ P°-'-n9 P'ate and the liquid crystal 

Shows excellent vLnJ ^te'SfJrfS ''''' ^'"'^'"^ 
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A cellulose triacetate film of 80 um thick fRiitav qH-ftn ^ +ro^^ « ... ^ 

was subjected to saporiificatiori treal^enf^^^^^ f V "^""^^ ''"j' ^^^^^ ''""^ Ltd.) 

polymer substrate. On ts ToLTr. 1' "^'"""^ ^^^^^^^^^"^ '^^*^^P'^ 

obtained in Example 1 was comeTby ^ polymerizable liquid crystal oligomer 

dried/After heat treating ?80- C for 2 ^Z7.. t T^ T'^'"'^ ^ ^''^ 2.8 um thick after 

an integrated light Win las^r iiatr^n n ^^^^^^^^^'^ ^''9"^^"^' ^^^^violet light of 500 mj/cm- as 
«;.^^nganiW--:;re 

lamil:;:d"ri°d" ihrunl^Lrolme^rltl"^^^^ T ^'^""'^^ "^"'^ °»9omer/po.ymer 
triacetate «.Jolymeri^^^^^ (construction: cellulose 

polaS^;rrre™ ira^P^rtySe™^^^^ T ''''' "P^^ ^ — 

processor (OASYS SoS-^i Ttradr^ame h p ^^^^ '""""^ed in a word 

oriented film to the liquid crystal SJl ""'^ '° *° '"'^^ polycarbonate uniaxially 

symmeliSl^Tshowed" widrJe^^^^^^ "'^^"^ °^ ^'-'"9 ^^'^^ Particularly 

120-.240- and 300- ^ ^ charactenst.cs m the directions of a2imuth angles of 60-. 

Iso-contrast curves are shown in Fig 5 
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state. Further, the retardation of the uniaxially oriented retardation film in this Example was obtained from 
the maximum wavelength of interference spectra using a spectrometer (MCPD-1000, a trade name, mfd. by 
Otsuka Denshi Co.. Ltd.) wherein two polarizing prisms were placed in parallel in the optical system. 

6 Example 22 

A FTN type LCD was produced in the same manner as described in Example 9 except that the film 
thickness of the polymerized liquid crystal layer of polymerized liquid crystal oligomer/polymer laminated 
film was made 3.3 um. The FTN type LCD was small in change of contrast by means of viewing angle and 
10 showed good viewing angle characteristics. The iso-contrast curves are shown in Fig. 6. 

Claims 

1. An optically anisotropic film comprising a polymer of a liquid crystal oligomer having positive 
16 anisotropy of refractive index and showing nematic or smectic phase, said liquid crystal oligomer being 

selected from linear-chain or cyclic liquid crystal oligomers mainly composed of the following recurring 
units (!) and (II): 



20 




ATi (L)-— ATj— R (1) 



25 

Ra A. — ( CHj ) k. fO )„i — ATs ( li ' ) p. — Ar*— OCO— CR ' -CH2 



30 



(II) 



wherein A is a group represented by the following formula (III) or (IV): 

35 

I 

— Si — (III) 
O 

40 I 



:oo- 



(IV) 



45 



50 wherein, in the formula (III), -Si-O- is a main chain of the recurring unit (I) or (II) and. in the formula (IV), 

-C-CH2- is a main chain of the recurring unit (I) or (II) and the COO group is positioned in the side 
chain which is neither Ri nor R2; when A in the formula (I) is the formula (III) and when A in the formula 
(II) is the formula (III), Ri and R2 are independently hydrogen, a C^^ -6 alkyi group or a phenyl group, 
and when A in the formula (I) is the formula (IV) and when A in the formula (11) is the formula (IV), Ri 

66 and R2 are independently hydrogen or a Ci -b alkyI group; k and k' are independently an integer of 2 to 

10; m and m' are independently 0 or 1; Ari , Ar2, Ara and Ar* are independently a 1 ,4-phenylene group, 
a 1 ,4-cyclohexane group, a pyridine-2,5-diyl group or a pyrimidine- 2,5-diyl group; L and L* are 
independently CH2-O-, -O-CH2-, -COO-. -OCO-, -CH2-CH2-. -CH^^N-. -N = CH- or a divalent group 
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represented by the formula (V): 



'\'/' (V) 

o 



10 



IS 



so 



25 



P and p- are independently 0 or 1 ; R is halogen, a cyano qrouD a C «il , 

group; and R' is hydrogen or a C, . alkvl om..nT *'yf"°.9'°"P- ^ C'"'" a'^yl group or a C,-,o alkoxy 
and (11) in one molecule of said o^ome trsuoLslrK """'""^^ °' ^^^="^""9 <•> 

■ an integer of 1 to 20 and satisfy ^TeL": ^^T' T ^V2TV:,' ^^'^7''' " ^ 
terminal group of the recurring unit (II) is polymerfeed and thlt th« r ^•^^^^'^t^"^^^ in that the 

the direction of an angle selected frim^ ^J^T:^ Z^^^^^^^^ 

c^rotLrrrior^^^^^^^^^ r ^ "^-^^ 

least one compound select^ from^h» „® compound, sa.d low-molecular weight compound being at 
and (VIII): ^ '^^"^'^'"S °* t^e compounds of the formulae (VI). ?/||) 

R3— Ari-(L)p-Ar2-R4 (VI) 

acryloyl group, a c,-,. alk, q™d » . n =^1^ ' ° '^'^ »"'"'• ' -r^mscryloyl group, an 

<v,; » IS 0 o„; a'?,:.: » in: aTcrc"™"" -""^ 
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(Vll) 



35 



Ta^lndepe^lmiy^^^^^^^^ ^ ^-^^ ^-P or C,-.o alKoxy group; and m and 

^ CHa = C(R7)-COOR8 (VIII) 

wherein R7 is hydrogen or a methyl group; and Rs is a C, -30 hydrocarbon oro..n- 

.T^5?s.'L-:sr^s4:rp<^r »' - «^^~er ^ o.,^ p,. 

" MsXr«S,:eXarr'"= ° «"""" ■=^^" ^v^r havi„g pos»„ 
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Ri— A— (CH2)k — (O)ir-Ari— (L)p— AX2— R (IX) 

s 



wherein A is a group represented by tine following formula (X) or Qd): 



10 



16 



-Si — 
I 

O 



(X) 



20 



:oo- 



(XI) 



I 



wherein in the formula (X). -Si-O- is a main chain of the recurring unit (IX) and. in the formula (XI), -C- 
CH2- is a main chain of the recurring unit (IX) and the COO group is positioned In the side chain which 
is not Ri ; when A In the formula (IX) is the formula (X), Ri Is hydrogen, a Ci -6 alkyi group or a phenyl 
group, and when A In the formula (IX) is the formula (XI), Ri is hydrogen 
30 or a Ci-6 alkyI group; k Is an integer of 2 to 10; m Is 0 or 1; p is 0 or 1 : Ari and Ar2 are independently 

a 1 .4-phenylene group, a 1 ,4-cyclohexane group, a pyridine-2,5-diyl group or a pyrimldlne-2,5-diyI 
group; L Is -CH2-O-. -O-CH2-. -COO-. -0C0-, -CH2-CH2-. -CH = N-. -N = CH- or a divalent group 
represented by the formula 

\ / 
O 



40 and R is hydrogen, halogen, a cyano group, a C1-10 alky! group or a C1-10 alkoxy group, character- 
ized in that the number of the recurring units is 4-10,000 on the average per one molecule of the 
polymer, and that the optical axis of said film is inclined 10 •-80*, in terms of angle of elevation, from 
the film plane. 

45 6. A process for producing an optically anisotropic film set forth In Claim 1, 2 or 3, which comprises 
forming a film of a linear-chain or cyclic liquid crystal oligomer composed of the recurring units (I) and 
(II). heat-treating said film so that the optical axis of the film Is aligned substantially parallel to the 
normal line of the film, and then polymerizing the terminal group of the recurring unit (II). 

50 7. A process for producing an optically anisotropic film set forth in Claim 1, 2 or 4, which comprises 
forming a film of a linear-chain or cyclic liquid crystal oligomer composed of the recurring units (I) and 
(II) on substrate subjected to an alignment treatment, heat-treating said film so that the optical axis of 
the film is aligned 10 '-80', In terms of angle of elevation, from the film plane and then polymerizing 
the end group of recurring unit (II). 

55 

B. A process for producing an optically anisotropic film set forth in Claim 5, which comprises forming a 
film of a linear-chain or cyclic liquid crystal polymer composed of the recurring units (IX) on an oriented 
substrate, and heat-treating said film so that the liquid crystal polymer Is oriented 10*-80' , In terms of 
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angle of elevation, fronn the film plane. 
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12. 
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orc^^Tc li^^^^^^ ^ ^^'^'^ '^f'''^^ forming a film of a linear^hain 



nx<ni<ny (i) 



40 
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> Hz > ny (1) 
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18. A laminate of an optically anisotropic film and a substrate according to Claim 17. wherein the substrate 
IS a uniaxially oriented retardation film having a optical axis in the film plane, also having positive 
anisotropy of refractive index and made of a thermoplastic polymer. 

19. A composite retardation plate comprising, as laminations, a uniaxially oriented retardation film having 
the optical axis in the film plane, also having positive anisotropy of refractive Index and made of a 
thermoplastic polymer, and a laminate of an optically anisotropic film and a substrate set forth in Claim 

20. A composite retardation film having a polarizing film bonded thereto, characterized in that a polarizing 
flim and a laminate of an optically anisotropic film set forth In any one of Claims 1 to 5 or an optically 
anisotropic film set forth in Claim 10. 15. 16, 17 or 18 and a hydrophilic substrate, or a composite 
retardation plate set forth in Claim 16 or 19. are bonded to each other with a binder or adhesive. 

75 21. A liquid crystal display device characterized in that at least one of an optically anisotropic film set forth 
in any one of Claims 1 to 5, a laminate of an optically anisotropic film and a substrate set forth in Claim 
10, 15. 16, 17 or 18. and a composite retardation plate set forth in Claim 16 or 19, is provided between 
a liquid crystal cell and a polarizing film disposed outside thereof, said liquid crystal cell comprising a 
liquid crystal layer held by the substrates having the electrodes, said layer having positive dielectric 

20 anisotropy and twistedly oriented 90 ' to 270 • with the helical axis aligned vertically to the substrate, 
when no voltage Is applied, or a composite retardation film set forth in Claim 20 having a polarizing film 
bonded thereto is disposed on said liquid crystal cell. 

22. A liquid crystal display device characterized in that at least one of an optically anisotropic film set forth 
25 in any one of Claims 1 to 5 and a laminate set forth in Claim 10. 15, 17 or 18 is provided between a 

homogeneously aligned liquid crystal cell and a polarizing film disposed outside thereof, said homoge- 
neously aligned liquid crystal cell being held by the substrates having electrodes, said cell also having 
positive dielectric anisotropy and having the major molecular axis aligned substantially parallel to the 
substrate when no voltage is applied. 

30 

23. A laminate comprising a polymer substrate and an aligned polymerized liquid crystal oligomer film set 
forth in Claim 1 said polymer substrate being obtained by subjecting a surface of transparent or 
semitransparent polymer substrate to hard coat treatment. 

35 24. A laminate set forth in Claim 23. wherein the substrate is a uniaxially oriented retardation film having an 
optical axis in a film plane, having positive anisotropy of refractive index, and made of a thermoplastic 
polymer, and said laminate having a refractive index satisfying the following formula (1): 



nx> n2> ny (1) 



40 



45 



wherein nx and ny are the maximum value and the minimum value, respectively, of the in-plane 
refractive index of the laminate; and n^ is the refractive index in the thickness direction of the laminate. 

25. A composite retardation plate comprising a uniaxially oriented retardation film having an optical axis in 
a film plane, having positive anisotropy of refractive index and made of a thermoplastic polymer, and a 
laminate set forth in Claim 23 comprising an aligned polymerized liquid crystal oligomer film and a 
substrate, and said composite retardation plate having a refractive index satisfying the following formula 

50 nx>n2>ny (1) 

wherein n^ and ny are the maximum value and the minimum value, respectively, of the in-plane 
refractive Index of the composite retardation plate; and n^ is the refractive index in the thickness 
direction of the composite retardation plate. 

A liquid crystal display device comprising a liquid crystal cell comprising a nematic liquid crystal layer 
held between a pair of substrates provided with electrodes, said liquid crystal layer having positive 
anisotropy of refractive index and oriented substantially horizontally with a helical axis alighed to the 
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rc^ors:b^"atTs t^^^^^^^^^ " ^'T' ' °' ^-'"9 P-vided outside the 

« «uiruQe suDstrates. and at least one member selected from the group consistina of « i^m!«o*I 

gZt^^noT^r'Z^^^^ ^'^"^ f ■ - --bar selected from the 

subs^aTs^ Sh in Claim pT h IT''"''^ ^" P°'y'"«"-«d crystal oligomer film and a 

2a A liquid crystal display device compising 

contLinl' °^ ^'^"^.P^''®"* substrates having electrodes thereon and sandwitching a liquid crystal cell 

!t itLf P°^'«°"«^ °"t^'de a pair of the transparent electrodes, and 

m«^! f °!If ""'^'^"y ^"9"®" retardation film having positive anisotropy of refractive index and 
X^g films*':;?"''"'' "^'^"^^ "^"'^ atTeast ;r of t 

..uid^:rrr;r r '- "^'-^ ^ °^ ^ — - 

A liquid crystal display device comprising 

contL'^n °^ transparent substrates having electrodes thereon and sandwitching a liquid crystal cell 

t^!L°^.n'''!''^'^ positioned outside a pair of the transparent electrodes, and 

at l«« J orS - ^ anisotropic film set forth in Claim 1. 2 or 5 being present between 

at least one of the polarizing films and the liquid crystal cell between 
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